Sharp
and well-defined fractions of hemoglobin A, designated A2 and A3, were obtained by Kunkel (11) , who used insoluble potato starch as a supporting medium for electrophoresis. adapted by us to electrophoresis of hemoglobins (6) . A recent publication by Owen and Got (14) has confirmed the usefulness of starch gel as a supporting medium for hemoglobin electrophoresis. The method to be described was modified from that presented earlier (6) by the use of a discontinuous buffer system, using tris-EDTA-borate buffer (1) film.
MATERIALSAND METHODS
The E-C electrophoresis apparatus (E-C Apparatus Company, Swarthmore, Pa.) was adapted for starch electrophoresis by placing a narrow lucite frame over the bottom plate of the chamber, covering only the edges. The distance between the top of the long and short sides of the frame ( Fig. 1) rapidly to the boiling point. Stirring is continued for one full minute after the boiling point has been reached.
Heating is then discontinued, the stirrer lifted out, and the contents of the beaker are transferred to a beaker of 400 ml. capacity. The foam is removed by skimming the surface with filter paper or paper towel. The beaker is transferred to a vacuum jar connected to a water suction pump. Evacuation is continued until the starch sol begins to boil. The vacuum is gently released, the beaker is lifted from the vacuum jar, and all foam is removed from the top of the starch sol. The surface of the sol is covered with a watch glass and allowed to cool for one hour from the time it was lifted from the hot plate (the time depending on the temperature of the room; in our experiments it was 24#{176}). The tern-perature of the so! at tile end of tile cooling period should be about
450
In the meantime the electrophoresis chamber is prepared as shown in Fig. 2 . The plastic frame inside which the so! will be poured is clamped to the bottom plate of the chamber by means of Hargrave No. 2 spring clamps (obtainable at hardware stores) and a thin glass plate is fitted inside the frame.
Cooling of the apparatus with tap water is started 15 minutes before the sol is to be poured.
The bed is prepared by siowiy pouring the starch sol inside tile frame in zig-zag fashion starting in one corner, eliminating any small lumps that may have formed near the spout of the beaker.
The entire contents of the beaker are poured into the frame, resulting in a starch bed of 27 X 20 X 0.7 cm. The lid of the chamber is placed on top of the clamps and gelation is allowed to proceed for 3 to 4 hours at room temperature (or 30 minutes in a refrigerator).
At the end of this time the clamps are removed.
The bottom plate carrying the starch bed is inserted into the chamber and wicks of Whatman 3MM filter paper are applied.
The center wicks are 15 cm. long and 6 cm. wide.
The 4 corner wicks are only #{189} cm. wide. The wicks are entirely immersed into the buffer compartments, with the smooth side of the paper turned toward the starch gel. Without blotting the ends, the wicks are pulled over the frame to cover the starch bed over a distance of about 2#{189} cm. (Fig. 3) (5)). The excess solution is tipped off. A sample of approximately 50 pi. will be retained by the strip. A vertical slit is cut in the starch gel at the midpoint (Fig. 3) by inserting a razor blade that has been wiped with mineral oil. The razor blade is pulled gently to one side, opening the slit, the paper strip containing the sample is inserted, the razor blade is brought back to a vertical position and gently withdrawn, leaving the sample strip firmly wedged into the gel.
When all samples are applied, the chamber is closed and a direct potential of 240 volts is applied corresponding to a current of 25 mullamps.
All tubing connecting the buffer compartments should be closed.
Electrophoresis is allowed to proceed for 1.8 hours, overnight. 
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When electrophoresis is completed the wicks are removed, the frame is lifted from the chamber, and the starch gel is lifted out on the glass plate by inserting a long spatula between the glass plate and the bottom plate of the chamber.
The bed is trimmed down to less than the size of the glass plate and placed beneath the camera. The frequency of the differences between duplicates is presented in Table 2 . in the starch bed and barbital buffer 0.06 M. in the buffer vessels. At that time the values we observed for hemoglobin A2 approached more closely those found by Kunkel. However, the hemoglobin A2 component was often present as a shoulder of the hemoglobin A peak and construction of the Gaussian curves tended to be uncertain and erroneous.
The resolution with a tris-citrate/barbital discontinuous buffer system was found to be superior to that achieved with a continuous barbital buffer system. However, it was inferior in resolution to the discontinuous tris-EDTA-borate/barbital buffer system. Another advantage of this buffer system is that separations are achieved with much lower potentials than those required for separations of hemoglobins in a barbital system. In the barbital continuous buffer system potentials of 400 to 500 volts were essential for good resolution, whereas in the method described a potential of 240 volts suffices, resulting in less heating of the starch and the wicks. The starch selected for the electrophoretic analyses has the advantage that it requires no preliminary preparation before mixing it with tris-EDTA-borate buffer. It is exactly neutral and contains no lower carbohydrates.
Furthermore, the starch sol becomes viscous enough to be poured into the frame only after cooling to about 45#{176} and gelates only some time after being poured.
Hence, ample time is available for each step in the procedure of preparing the gel. Finally, it provides a gel with a mirror-smooth surface. The temperature at which the starch gel electrophoresis is performed is not critical.
Over a range of 10#{176} to 25#{176} excellent patterns are achieved. However, at temperatures of 30#{176} the wicks tend to dry out at the apex where the paper is bent over the frame; temperatures higher than 25#{176} should be avoided for that reason.
SUMMARY
A method for starch gel electrophoresis of hemoglobins is presented in which a modified Lintner starch is used for the preparation of the gel. A discontinuous buffer system of tris-EDTA-borate/barbital is used as the electrolyte medium because of its superior resolving power.
Hemoglobin A2 values, obtained with this method, of healthy individuals, patients with thalassemia, and those with various anemias of nonthalassemic origin are presented.
